We present results of a high statistics study of 
Introduction
Phenomenologically, f D , f D s , f B and f B s are essential ingredients needed to determine the less well know elements of the Cabibbo-Kobayashi-Maskawa mixing matrix. As these heavy-light decay constants are at best very poorly measured, there has been a large effort by many lattice groups to estimate them from numerical simulations. Decay constants are amongst the most precise quantities that one can calculate on the lattice and a recent review has been presented by Allton at LATTICE95 [1] . In this paper we present results for f π , f K , f K /f π , f D , f D /f π , f D s , f D s /f D , and vector decay constant f −1 V from simulations done on 170 32 3 × 64 quenched lattices at β = 6.0 using Wilson fermions. We emphasize that extrapolations to the continuum limit, incorporating the results from other collaborations, are not very reliable as the combined data do not show an unambiguous pattern of O(a) corrections.
Preliminary results from a subset of 100 lattices were presented at the LATTICE94 meeting [2] . The raw lattice results have not changed significantly since then, however we now present a more detailed analysis of the systematic errors. We estimate the uncertainty in the results due to extrapolation of the lattice data to physical values of the quark masses, the renormalization constants for the lattice currents, and the extraction of the lattice scale. We find that these various systematic errors are now much larger than the statistical errors. Finite size errors, if present, are smaller than the statistical errors. Our best estimates are now given in the scheme called T AD1 to evaluate the renormalization constants for the axial and vector currents.
The details of the lattices and the calculation of the spectrum are given in a companion paper [3] . In section 2 we briefly summarize the lattice parameters, and in section 3 we describe the lattice methodology and the consistency checks made to extract the decay constants using estimates from different types of fits and interpolating operators. The choice of renormalization constants for the axial and vector currents, Z A and Z V , is discussed in section 4, the lattice scale in section 5, and the quark masses in section 6 . In section 7 we compare the data with predictions of quenched chiral perturbation theory. The extrapolation of the data to physical values of quark masses is discussed in section 8, and our best estimates at β = 6.0 are summarized in section 9. In section 10 we compare our data with those from other collaborations ( GF11 [4] , JLQCD [5] , and APE [6] . The MILC data presented in [7] are preliminary and therefore not included in this analysis.) and extrapolate the combined data to the continuum limit. Finally, we present our conclusions in section 11.
LATTICE PARAMETERS
The details of the 170 32 3 × 64 gauge lattices used in this analysis are given in [3] . We refer the interested reader to it for further details of the signal in the 2-point correlation functions and on the extraction of the spectrum. In this paper we concentrate on the analysis of systematic errors in decay constants associated with fixing the quark masses m = (m u + m d )/2, m s and m c , the renormalization constants Z A and Z V , and the extrapolation to physical masses and the continuum limit.
To calculate decay constants we used the Wuppertal source quark propagators at five values of quark mass given by κ = 0.135 (C), 0.153 (S), 0.155 (U 1 ), 0.1558 (U 2 ), and 0.1563 (U 3 ). These quarks correspond to pseudoscalar mesons of mass 2835, 983, 690, 545 and 431 MeV respectively where we have used 1/a = 2.33 GeV for the lattice scale. We construct two types of correlation functions, smeared-local (Γ SL ) and smeared-smeared (Γ SS ) which are combined in different ways to extract the decay constants as discussed below. The three light quarks allow us to extrapolate the data to the physical isospin symmetric light quark mass m, while the C and S κ values are selected to be close to the physical charm and strange quark masses. The physical value of strange quark lies between S and U 1 and we use these two points to interpolate to it. In most cases we find that extrapolation to m can be done using the six combinations of light quarks
For brevity we will denote this combination by {U i U j } and the three degenerate cases by {U i U i }.
Lattice Method for calculating f P S and f V
The lattice definition of the pseudo-scalar decay constant f P S , using the convention that the experimental value is f π = 131 MeV, is [8] 
where Z A is the axial current renormalization constant connecting the lattice scheme to continuum M S. In order to extract f π we study, in addition to the 2-point correlation functions Γ, two kinds of ratios of correlators:
In the case of R 1 we have to extract 0|A 4 smeared |π separately from the Γ SS correlator. For each of the two ratios, R 1 and R 2 , the smeared source J used to create the pion can be either π or A 4 . This gives four ways of calculating f π , which we label as f a π (using ratio R 1 with J = π), f b π (using ratio R 1 with J = A 4 ), f c π (using ratio R 2 with J = π), and f d π (using ratio R 2 with J = A 4 ). The fifth way, f e π , consists of combining the mass and amplitude of the 2-point correlation functions A 4 P LS and P P SS , and the sixth way, f f π , uses A 4 A 4 LS and A 4 A 4 SS .
The lattice results for mesons at p = 0 for the different combinations of quarks are given in Table 1 using the renormalization scheme Z T AD1 defined in Table 5 . All Errors are estimated by a single elimination Jackknife procedure. The results from the six ways of combining the two correlators are mutually consistent. Since the different methods use the same correlators, the data are highly correlated; however, consistent results do indicate that fits have been made to the lowest state in each of these correlators and reassure us of the statistical quality of the data. Table 1 . The data, in lattice units, for the pseudo-scalar decay constant f P S for the six different ways of combining the SL and SS correlators described in the text. The renormalization scheme used to generate this data is T AD1 as described in Table 5 , and the meson mass used in the analysis is taken to be the pole mass.
The results for f π using correlators at non-zero momentum are given in Table 2 . The data show that in almost all cases the results are consistent within 2σ. The most noticeable differences are in the p = (2, 0, 0) values for lighter quarks. The signal in these channels is not very good and it is likely that in these cases there exists contamination from excited states over the range of time-slices to which fits have been made. We regard the overall consistency of the data as another successful check of the lattice methodology. Henceforth we shall restrict the analysis to p = (0, 0, 0) case as it has the best signal.
The dimensionless vector decay constants are defined as
where V µ is the vector current and |V is the lowest 1 − state with mass M V . The experi- Table 2 . The data, in lattice units, for the pseudo-scalar decay constant f P S , averaged over the six different ways of combining the SL and SS correlators, measured at different momenta. The renormalization scheme is T AD1 as described in Table 5 , and the meson mass used in the analysis is taken to be the pole mass.
mental quantities are related to f
where the values are calculated using the rate Γ(V → e + e − ) given in the PDB94 [9] . We extract the relevant matrix element in the same two ways as described in Eq. (3.2) for f P S . To study discretization errors we study three lattice transcriptions of the vector current (local, extended, and conserved),
where for degenerate quarks the last form is the conserved current. In Tables 3 and  4 we show the lattice data for the 15 mass combinations as a function of the different methods/currents, and versus the renormalization schemes for the local current. Overall, the data show that the two methods in Eq. (3.2) give consistent results for all three currents. The results from the local and extended vector currents also agree, while those from the conserved current are ≈ 10% smaller. These points will be discussed in more detail later.
In order to extract results that can be compared with experiments we analyze the data in terms of the five sources of systematic errors discussed below.
The renormalization constant Z A and Z V
Reliable calculations of decay constants depend on our ability to calculate the renormalization constants, Z A and Z V , linking the lattice and continuum regularization schemes. In our analysis we use 1-loop matching with the tadpole subtraction scheme of LepageMackenzie. An outline of the scheme, which includes picking a good definition of the lattice α s and the scale q * at which to evaluate it is as follows. Lepage and Mackenzie show that α v (to be defined below) is a better expansion parameter than the bare lattice coupling. To pick the value of q * we need to know the "mean" momentum flow relevant to a given matrix element. Again it has been pointed out by Lepage and Mackenzie that q * , estimated by calculating the mean momentum in the loop integrals, is dominated by tadpole diagrams which are lattice artifacts. If the tadpoles are not removed then this scale is typically π/a. They have proposed a meanfield improved version of the lattice theory which removes the contribution of tadpoles. The effect of this is three-fold. One, it typically changes q * to 1/a, i.e. the matching scale becomes more infrared if the tadpole diagram is removed; second the renormalization of the quark field changes from √ 2κ → √ 8κ c 1 − 3κ/4κ c ; and finally the perturbative expression for 8κ c is combined with the coefficient of α v in the one loop matching relations to remove the tadpole contribution.
To get α M S (q * ) we use the following Lepage-Mackenzie scheme. The coupling α v is defined at scale q = 3.41/a to be
which is related to α M S at scale q = 3.41/a by Table 3 . Lattice data for the vector decay constant f −1 V for the two different ways of combining the SL and SS correlators, and for the three different lattice vector currents described in the text. The renormalization scheme in all cases is T AD1 as described in Table 5 , and the meson mass used in the analysis is taken to be the pole mass.
We then run α M S from q to q * by integrating the 2-loop β-function. To translate the results from q * to any other point one uses the standard continuum running. At the lowest order there are two equally good tadpole factors, U 0 = plaquette 1/4 or 8κ c . To the accuracy of the meanfield improvement one expects 8κ c U 0 = 1. Deviations from this relation (≈ 10% for the Wilson action at β = 6.0) are a measure of possible residual errors. Writing the tadpole factor as 1 − Xα M S (q * ), we define a given Z factor to be V as a function of the different renormalization schemes given in Table 5 . The results are for the local current, and the meson mass used in the analysis is taken to be the pole mass.
where C is the difference between the finite part of the continuum M S and lattice 1-loop result. Thus, Z A for the local operator in the tadpole improved schemes is
In order to examine the dependence of the decay constants on Z and the renormalization of the quark field we present our results for seven different commonly used schemes described in Table 5 . The schemes Z T ADa , Z T AD1 , Z T AD2 , Z T ADπ , and Z T gf 11 are all self-consistent to O(α s ). The scheme Z T ADU 0 is ad hoc as we have replaced 8κ c by U 0 in only one part. We shall quote, as our best estimates, results obtained in the Z T AD1 scheme and use the difference between it and Z T ADπ as an estimate of the systematic error due to tuning q * . Finally, an estimate of the residual perturbative errors is taken to be the difference between Z T AD1 and Z T ADU 0 , and is given in column labeled Z A in Table 10 . This, we believe, is an over-estimate of the error we make by using the 1-loop coefficient of α v . Table 5 . The different renormalization schemes used in the analysis. The two possible tadpole factors are U 0 = plaq 1/4 = 0.878 and 1/8κ c = 0.795. The 1-loop perturbative expansions for these are U 0 = 1 − 1.0492α and 8κ c = 1 + 1.364α respectively. The sixth scheme Z T gf 11 is the one used by the GF11 collaboration with a slightly different definition of α M S [4] .
The renormalization of the local vector current, Z L V proceeds in the same way as Z A . In case of both the extended and conserved currents, there is no tadpole contribution in C as it cancels between the wave-function renormalization and the vertex correction. Consequently, we use the non-perturbative value for 8κ c . The complete renormalization factors in the tadpole improved schemes for relating the lattice results to the continuum are
We find that the results with the local current lie in between those from the extended and conserved currents, and have the best statistical signal. We therefore quote results from the local current as our best estimate, and use the difference between them as an estimate of the systematic error.
The lattice scale a
To convert lattice results to physical units we use the lattice scale extracted by setting M ρ to its physical value. This gives 1/a = 2.330(41) GeV [3] . The variation of 1/a between the Jackknife samples is folded into our error analysis, however different ways of setting the scale are not. For example, using M N to set the scale gives 1/a = 2.018(37) GeV [3] , while NRQCD simulations of the charmonium and Υ spectrum give 1/a = 2.4(1) GeV [10] . As we show later, the scale determined from f π is 2265(57) MeV. Thus, estimates based on mesonic quantities like M ρ , heavy-heavy spectrum, and f π all give consistent results. We take 1/a(M ρ ) = 2.330(41) GeV and use the spread, ∼ 70 MeV ∼ 3%, as our best guess of the size of scaling violations relevant to the analysis of the decay constants. To reduce this error requires using an improved gauge and fermion action, which is beyond the scope of this work.
Setting the quark masses
In order to extrapolate the lattice data to physical values of the quark mass we have to fix m, m s and m c . The chiral limit is determined by linearly extrapolating the data for M 2 π to zero using the six cases {U i U j }. Our best estimate is κ c = 0.157131 (9), (6.1) which is used in the calculation of Z ψ .
To fix the value of κ l corresponding to m we extrapolate the ratio M Thus, our data is able to resolve between the chiral limit and m. In [3] we had shown that a non-perturbative estimate of quark mass m np , calculated using the Ward identity, and (1/2κ − 1/2κ c ) are linearly related for light quarks, so either definition of the quark mass can be used for the extrapolation. We have chosen to use m np in this paper. The determination of the strange quark mass has significant systematic errors as shown below. We determine κ s in three ways as described in [3] . We extrapolate M 2 K /M 2 π , M K * /M ρ , and M φ /M ρ to m and then interpolate in the strange quark to match their physical value. In Table 6 we give κ s , the non-perturbative estimate m np a = m s a, and m s = Z m (1/2κ − 1/2κ c ) evaluated at 2 GeV in the M S scheme using the T AD1 matching between lattice and continuum. The data show a ∼ 20% difference between various estimates of m s which cannot be explained away as due to statistical errors. Using M data. On the other hand M φ /M ρ gives m s /m ≈ 30. This estimate is not constrained by the chiral expansion, and is in surprisingly good agreement with the next-to-leading chiral result [11] . In this paper we shall quote results for both m s (M K ) and m s (M φ ), and take the values with m s (M φ ) as our best estimates. The difference in results between using m s (M K ) and m s (M φ ) will be taken as an estimate of the systematic error due to the uncertainty in setting m s . Table 6 . Estimates of m s using different combinations of hadron masses. We give the κ values, the quark mass determined by the Ward identity, and m s = Z m (1/2κ − 1/2κ c ) evaluated at 2 GeV in the M S scheme, and using the T AD1 tadpole subtraction procedure.
To determine the value of κ corresponding to m c we match M D , M D * and M D s as these are obtained from the same 2-point correlation functions as used to determine the decay constants. Unfortunately, as shown in [3] , the estimate of charmonium and D meson masses measured from the rate of exponential fall-off of the 2-point function (pole mass or M 1 ) and those from the kinetic mass defined as M 2 ≡ (∂ 2 E/∂p 2 | p=0 ) −1 are significantly different. We find that the data for the heavy-heavy and heavy-lightcombinations are consistent with the nearest-neighbor symmetric-difference relativistic dispersion relation sinh 2 (E/2) − sin 2 (p/2) = sinh 2 (M/2), in which case M 2 , as defined above, is given by sinh M . The results for M 1 and M 2 for the D states are given in Table 7 for κ = 0.135 (we have simulated only one heavy quark mass). The data show that the experimental results lie between M 1 and M 2 for each of the three states, and the difference between M 1 and M 2 is large and statistically significant. The size of this systematic error and the uncertainty in setting the scale 1/a, makes it difficult to fix κ charm . We simply assume that κ = 0.135 corresponds to m c , and quote final results using M 2 . As an estimate of systematic errors associated with not tuning m c we take the difference in results between using M 1 and M 2 since we do not have access to the rate of variation of decay constants in the vicinity of m c .
Quenched approximation
In the last couple of years it has been pointed out by Sharpe and collaborators [12] and by Bernard and Golterman [13] that there exist extra chiral logs due to the η ′ , which is also a Goldstone boson in the quenched approximation. These make the chiral limit of quenched quantities sick. To analyze the effects of quenching Bernard and Golterman [13] have constructed the ratio R ≡ f in the quenched theory is
(m 2 ). (7.
3)
The leading analytic corrections in both cases are O((m 1 −m 2 ) 2 ) [14] , and were not included in the analysis presented at LATTICE 94 [15] . The data, shown in Figs. 1 and 2 , indicates the need for including them in the fits. (X quenched is the coefficient of δ in Eq. (7.2), and X f ull is the complete chiral logarithm term in Eq. (7.3) .) The fit to the quenched expression, Fig. 1 , gives δ = 0.14(4). The fit to full QCD expression has smaller χ 2 if we leave the intercept as a free parameter. In that case the fit gives 1.69(45) and not unity as required by Eq. (7.3) . Thus, the effect of chiral logs is small, barely discernible from the statistical errors, and partly due to normal higher order terms in the chiral expansion. We shall therefore neglect the effects of quenched chiral logs in this study, and only discuss deviations of f P S from a behavior linear in m q at the appropriate places.
The second consequence of using the quenched approximation is that the coefficients in the chiral expansion are different in the quenched and full theories. This difference can be evaluated by comparing quenched and full QCD data, which is beyond the scope of this work. Thus, we cannot provide any realistic estimates of errors due to using the quenched approximation. 2 . X quenched is the coefficient of δ defined in Eq. (7.2). The intercept gives δ = 0.14(4).
Extrapolation in quark masses
In Fig. 3 we show the pseudoscalar data for {U i U j } and {SS, SU i } combinations along with two different linear fits, one to the six {U i U j } data points (f P S a = 0.0572(14) + 0.51(2)ma) and the other to the four SS and {SU i } points (f P S a = 0.0568(14) + 0.48(1)ma). Here m is the average mass of the quark and anti-quark. The data show that even though the slopes for the two fits are different, the values after extrapolation are virtually indistinguishable. The size of the break between the {SS, SU i } and {U i U j } cases at m s is right at the 1σ level, and no such break is visible between the U 1 U i and the U 2 U 2 cases. We thus extrapolate to f π using {U i U j } points and assume that 2 . X f ull is the chiral correction defined in Eq. (7.2). The linear fit gives an intercept of 1.69(45) instead of unity as indicated by Eq. (7.3) .
the overall jackknife error adequately includes the uncertainty due to extrapolation.
In Fig. 4 we show the extrapolation for heavy-light mesons for three cases of "heavy" (C, S, U 1 ) quarks. The linear fits in the light quark mass,
fit the data extremely well in each of the three cases. Deviations from linearity are apparent if the "light" quark mass is taken to be S as shown by the fourth point at m np a = 0.076. These can be taken into account by including corrections, i.e. chiral logs and/or a quadratic term. A fit including a quadratic term fits all four points exceeding well, however the extrapolated value changes by < 0.2σ in all three cases. Also, the change in curvature between U 1 U i and CU i is within the error estimates. Considering that the form of the correction term is not unique, and that the linear and quadratic fits give essentially the same result, we consider it sufficient to use a linear fit to the three U i points to extrapolate the heavy-light decay constants to m. The difference in slope between fits to {U i U j } and {SU i } points does effect the value of f K . We, therefore, calculate it in two ways; the central value is taken by extrapolating the {SU i } and {U 1 U i } data in the light quark to m and then interpolating in the "heavy" to m s . In the second way we use the slope determined from {U i U j } points and extrapolate to m + m s . The two give consistent results and we use the difference as an estimate of the systematic error. we make linear fits to the six {U i U j } and the three {U i U i } points. As shown in Fig. 5 , these two fits are almost identical (f V a = 0.328(10) + 0.33(23)m np a) and neither of them fits the data very well. The {SU i } points show a very significant break from the {U i U j } points, so to extract f K * , f D * we use the fits shown in Fig. 6 . As in the case of f P S , a linear fit to the three cases (CU i , SU i , U 1 U i ) works well. The fit parameters are
Note that the slope changes sign between the SU i and U 1 U i cases. Since the points at m np a = 0.076 (S) show deviations from the linear fits, we do not include this point in our analysis.
9. Results at β = 6.0
The results for the pseudoscalar decay constants, in lattice units, are given in Table 8 for each of the seven renormalization schemes. The table also shows the variation with respect to the two choices of m s and whether one uses M 1 or M 2 for the heavy-light meson mass. For our best estimates we use Z T AD1 , and convert this data to MeV using 1/a(M ρ ). The results are summarized in Table 9 where we again display variation with respect to m s and the heavy-light meson mass.
Our final results are shown in Table 10 along with the estimates of the various systematic errors discussed above. Thus, at β = 6.0 the value of f π come out about 3% larger. Using f π data to set the lattice scale gives 1/a(f π ) = 2265(57) MeV, whereas 1/a(M ρ ) = 2330(41) MeV [3] . Even ignoring the various systematic errors, the two estimates differ by roughly 1σ.
The ratio f K /f π = 1.186 (16) is about 2σ smaller than the experimental value 1.223 if one ignores all systematic errors. (The systematic error in fixing m s would tend to lower our estimate, i.e. further increasing the difference.) An under-estimate of this ratio in the quenched approximation is consistent with predictions of quenched CPT [12] [13] .
The major uncertainty in the results for the heavy-light cases, f D and f D s , comes from the uncertainty in Z A and in setting the charm mass. These corrections can be significant, and we need to reduce the various sources of systematic errors in order to extract reliable continuum estimates.
In Tables 11 and 12 we give the values for the vector decay constant f −1
V , extrapolated to the masses of a number of vector states even though some of them do not decay electromagnetically to l + l − . These tables also give the variation with respect to setting m s , the heavy-light meson mass (M 1 or M 2 ), q * , Z A , and the dependence on the lattice current. The criteria that the three types of currents should give consistent results justifies using the Lepage-Mackenzie procedure for V C i also, as pointed out by Bernard in [16] . Using the √ 2κ normalization for V 
Infinite volume continuum results
In the companion paper analyzing the meson and baryon spectrum [3] we show that there are no noticeable differences between results obtained on 24 3 (earlier calculations) and our 32 Fig. 6 : Extrapolation of heavy-light vector decay constants for three cases of "heavy", C, S, U 1 quarks. The linear fits are to to the three "light" U i quarks, and the fourth point (light quark is S) is included to show the breakdown of the linear approximation.
We first compare the data for f π and f K from the different collaborations as shown in Figs. 7 and 8. The various calculations have similar statistics (within a factor of two) and the two largest physical volumes used are by GF11 (24 3 at β = 5.7) and LANL (32 Table 10 . Our final results using T AD1 scheme along with estimates of statistical and various systematic errors as described in the text. All dimensionful numbers are given in M eV with the scale set by M ρ . For the systematic errors due to m s , m c , q * we also give the sign of the effect. We cannot estimate the uncertainty due to using the quenched approximation. Also, we do not have useful estimates for entries marked with a ?. V as a function of the different discretizations of the vector current. We also show the dependence on m s (M K or M φ ) and meson mass (M 1 or M 2 ).
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included or not makes it clear that more data are required to make a reliable extrapolation to the continuum limit.
The f D and f D s data are combined with results from JLQCD [5] and APE [6] collaborations as shown in Fig. 9 . The results are in T AD1 scheme, and for comparison we use m s (M K ). Also, from here on we switch back to the convention in which f π = 131 MeV. The APE collaboration use M 1 for the meson mass. For consistency we have shifted their data to M 2 using our estimates given in Table 10 . A linear extrapolation to a = 0 then gives
with χ 2 / dof = 2.2 and 2.0 respectively. Using m s (M φ ) would increase f D s to 224 (16) MeV. The quality of the fits is, however, not very satisfactory. We feel that in order to improve the reliability of estimates in Eq. (10.3) one needs to reduce the various systematic errors that have not been included in the a → 0 extrapolations presented above.
Finally, a linear fit to f −1 ρ data is shown in Fig. 10 . The extrapolated value, 0.16(2) with χ 2 / dof = 1.8, is smaller than the experimental value 0.199(5), and also smaller than Fig. 7 : Linear extrapolation to the continuum limit of the ratios f π /M ρ . Our data is shown with the symbol octagon, squares and fancy squares are the points from the GF11 Collaboration [4] , diamonds are APE collaboration points [6] , and the plus symbol labels JLQCD [5] data. The two GF11 points at M ρ a ≈ 0.56 represent 16 3 (squares) and 24 3 (fancy squares) lattices at β = 5.7.
that from a fit to just the GF11 data which gives 0.18(2) [4] .
Conclusions
We have presented a detailed analysis of the decay constants involving light-light and heavy-light (up to charm) quarks. We find that the various sources of systematic errors Fig. 8 : Linear extrapolation to the continuum limit of the ratios f K /M ρ . Our data is shown with the symbol octagon, the squares and fancy squares are the points from the GF11 Collaboration [4] , and the diamond labels APE [6] data.
(due to setting the quark masses, renormalization constant, and lattice scale) are now larger than the statistical errors. Work is under progress to address these issues. Our best estimates for the pseudo-scalar decay constants and the various sources of error, without extrapolation to the continuum limit, are given in Table 10 .
We would like to stress that including all of the present high-statistics large lattice data, the extrapolation to the continuum limit is, in all cases, not very reliable. For the Wilson action the corrections are O(a), and one expects that a linear extrapolation should suffice starting at some β. We find that in all cases the combined world data do not show Our data is shown with the symbol octagon, the plus points are from the JLQCD Collaboration [5] , and the diamonds label the APE collaboration [6] data.
an unambiguous linear behavior in a. Since different groups analyze the data in different ways, there is no clean way of including the systematic errors in individual points in the fits. We, therefore, cannot resolve whether the poor quality of the linear fits is due to the various systematic and statistical errors or due to the presence of higher order corrections. As a result, our overall conclusion is that precise data at a few more values of β are required in order to extract reliable results in the a → 0 limit. We have made linear fits to the data with and without including the point at the strongest coupling, β = 5.7. A linear fit to combined world data gives f π = 120(6) MeV ρ . Our data is shown with the symbol octagon, and the rest of the points are from the GF11 Collaboration [4] . and f K = 135(5) MeV. Excluding β = 5.7 point changes these estimates to f π = 128 (6) and f K = 146(5) MeV. Our best estimates for heavy-light meson, f D = 186(29) MeV and f D s = 218(15) MeV in the continuum limit, are from a linear fit to data at β ≥ 6.0. The above estimates are using m s (M K ). Using m s (M φ ) (our preferred value) would increase f K and f D s by ≈ 2%.
We study three lattice transcriptions of the vector current to calculate f −1
V . Using the Lepage-Mackenzie scheme to calculate Z V for each of the three currents yields results that are consistent to within 10%. We extrapolate f −1 ρ to the continuum limit by combining with results from the GF11 collaboration. The result is 0.16(2) compared to the experimental value of 0.199(5).
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